Digestate characteristics such as organic and nutrient content, hygienic quality and 9 stability are valuable measures when evaluating the use of food waste (FW) digestate as 10 organic fertiliser. This study compared the characteristics of FW and autoclaved (160 11 °C, 6.2 bar) FW and their digestates from laboratory-scale reactors. Decreased 12 ammonification and low ammonium nitrogen content were observed in the digestate 13 from an autoclaved FW reactor due to autoclave treatment of FW, which affected the 14 nitrogen-containing molecules by formation of Maillard compounds. The methane 15 potential of autoclaved FW and its digestate was decreased by 40% due to reduced 16 microbial activity as microbes were not able to adapt to the conditions within a reactor 17 fed with autoclaved FW. Both studied materials were suitable for agricultural use in 18 terms of their nutrient content, hygienic quality and stability, and thus the decrease in 19 ammonium nitrogen in digestate from an autoclaved FW reactor supported the use of 20 digestate as soil amendment rather than fertiliser. 21
Introduction 25
It is estimated that globally one third of the food produced for consumption 26 becomes food waste (FW) during production, processing, distribution and consumption 27 (Gustavsson et al., 2011) . In Europe the total FW quantity produced each year is 90 28 million tonnes (180 kg per capita), of which an estimated 38 million tons (76 kg per 29 capita) is generated in households (European Commission, 2010), while in the USA 36 30 million tons (120 kg per capita) of residential and commercial FW was produced in 31
(US EPA, 2013). FW composition derived from households varies seasonally and 32
geographically. In a study from Finland, Italy, Portugal, and the UK, the average 33 household food waste consisted mainly of fruit and vegetable waste (> 50%) and to a 34 lesser extent of beverages (coffee filters and tea bags, 9%), meat and fish (6%), bread 35 and bakery (5%) and mixed meals (12%), and had relatively high protein (16-55% of 36 VS, volatile solids) and fat (15-30% of VS) contents (Valorgas, 2011) . 37
In Europe anaerobic digestion (AD) together with composting are increasingly 38 used as treatment methods for organic wastes such as FW due to the EU Waste 39 2009). In addition to the hygienic quality, the fertilising effect of the mineral and 50 organic forms and plant availability of nutrients are essential when considering the 51 usefulness of the digestate as soil fertiliser/amendment. Determination of the stability -52 e.g. residual methane potential of digestates, emissions during digestate storage and use 53 -can be minimised and the energy production of AD optimised. 54
In biogas production, pretreatment of food waste affects the characteristics of the 55 FW digestate. The aim of pretreatment is to enhance biodegradability and methane 56 yields and to improve the hygienic quality of the material. Thermal autoclave treatment 57 (130-180 °C) has been observed to lower the methane conversion of high protein-58 containing substrates (Cuetos et al., 2010, Pinnekamp, 1989) such as FW by 5-10% 59 6 per hour, and CO 2 from the produced biogas was fixed by NaOH prior to automated, 115 liquid displacement-based gas volume measurement. 116
Batch assays were performed with the digestates alone (residual methane 117 potential) and using the digestates as inocula and FW and AFW as substrates 118 (biochemical methane potential, Table 1 ). In all assays with FW and reference 119 digestates the volume of inoculum was 300 g and the substrate to inoculum ratios on a 120 VS basis 1:1. With AFW digestate assays 340 g of inoculum was used with a VS/VS 121 ratio of 1:2. In all assays distilled water was added to obtain 400 ml liquid volume. pH 122 (if lower than 7.3) was adjusted to around 8 with 3 M NaOH and in the case of the 123 reference digestate, inoculum NaHCO 3 (3 g/l) was added as a buffer. Finally, the 124 contents of all bottles were flushed with N 2 to obtain anaerobic conditions. 125
Analyses and calculations 126
From fresh samples, total and volatile solids (TS and VS) were determined 127 according to SFS 3008 (Finnish Standard Association, 1990) and ammonium nitrogen 128 (NH4-N) according to McCullough (1967 All methane yields were converted into the standard temperature and pressure 169 conditions (0 °C, 100 kPa) according to the ideal gas law using ambient temperature and 170 air pressure. In the ammonification batch assays, the starting NH 4 -N, total Kjeldahl 171 nitrogen, TS and VS contents in the bottles were calculated according to the mass 172 balances from the original concentrations of FWs and digestates and the amounts used 173 in the assays. 174
Results and discussion 175

Food waste characteristics 176
The studied FW had TS of ca 230 g/kgFM, and VS/TS ratio of 93% while AFW 177 had about 10 to 15% lower TS and VS, likely due to dilution by condensed water during 178 the autoclave treatment ( Table 2 ). The FW contained proteins up to 220 g/kgTS while 179 fats and soluble carbohydrates were ca 140 and 120 g/kgTS. Cellulose and 180 hemicellulose contents were around 50 g/kgTS and low lignin content, 6 g/kgTS, was 181 observed. The autoclaving affected the organic composition (per TS) by decreasing the 182 soluble carbohydrates by 50% and hemicelluloses by 40% while increasing the lignin 183 content from 6.6 to 81.6 g/kgTS, whereas the effects on other components were minor. 
FWs. 267
The FW digestate showed good gas production with both FWs studied as did the 268 reference digestate, indicating the capability of microbes to degrade the feed material. 269
However, the AFW digestate showed lower methane production with both FWs, which 270
indicates that the adaptation of the microbial population towards the AFW was not sulphite-reducing clostridia were detected as these spore-forming organisms are also 296 resistant to freezing (Geiges, 1996) . 297
The results show that the studied autoclave treatment effectively reduced all the 298 hygiene indicator concentrations in AFW due to high temperature and pressure, which 299 are widely used for sterilisation. However, the observed increase in concentrations ofpotential of hygienised material for microbial growth. The increase was apparently due 302 to growth of indicator organisms in the stirred tank reactors, originating from the sludge 303 with which the reactors were inoculated or possibly from contamination of the AFW 304 samples. Absence of coliforms in the studied digestates indicates that either there were 305 no coliforms in the original inoculum or the microbes were not able to survive due to 306 competition of microbial communities while the conditions were favourable for 307 clostridia and enterococci. of E. coli was under the threshold value 1000 cfu/g and no Salmonella was detected. 312
Agronomic usefulness of digestates 313
The total and soluble nutrient composition of the FWs and digestates was studied 314 to evaluate the agronomic usefulness of the digestates ( Table 2 ). The total nutrient 315 levels of nitrogen (31 gN/kgTS), potassium (11 gK/kgTS) and carbon 470-487 316 (gC/kgTS) were similar between the studied FWs, and thus the AFW had a higher total-317 P content (~7 g/kgTS in AFW, 4 g/kgTS in FW). The soluble P and K contents in both 318
FWs were around 1.7 and 9 g/kgTS while the soluble-N concentration increased from 319 10 to 16 g/kgTS after autoclaving. When digestates were compared the AFW digestate 320 had 20% lower total Kjeldahl nitrogen and 44% lower soluble-N levels compared to the 321 FW digestate. The C/N ratios were relatively low with both studied digestates (3.3-4.5), 322 which was due to the mineralisation of carbon during AD. 323 g/kgTS, total-P between 2.7-6.4 and total-K between 8.6-14.3 g/kgTS (Valorgas, 2011) . 326
Only total-P was observed in slightly higher concentrations in the AFW where some 327 additional phosphorus could have dissolved from the autoclaving apparatus due to P 328 impurities in steel. Soluble N increase after autoclaving was probably due to 329 solubilisation of nitrogen into other compounds than 
